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ABSTRACT

Experimental investigations of RV TX- properties in the n-hexane — water

system with the different compositions (x) 0.166, 0.257, 0.347, 0.615, 0.827, 0.935, and
0.964 molar fraction (m.f.) #0 were made with a piezometer of constant volume.
Measurements have been carried out along isochores at densities 668834 kg
temperatures 372-620 K, and pressures up to 65 MPa. The phase diagrams liquid-liquid
and liquid-vapor are constructed.

For the description of the thermodynamic properties of the n-hexane — water binary

system, the equation of state of Soave-Redlich-Kwong and scaling equations are used.

KEY WORDS: binary mixture; critical exponent; equation of state; liquid-liquid;

liquid-vapor; n-hexane; power law; PVT; water.



1. INTRODUCTION
The research of thermodynamic properties of the binary n-hexane — water

system has both a practical, and a wide theoretical interest in sense of analysis of a

system behavior not blending in usual condition. ﬁVTproperties of this system

were studied by a number of the authors, but all researches fall into areas with high

concentration of water and pressures above 20 MPa [1-5]. In this work the results of

experimental investigations 8V TX (pressure, volume, temperature,

composition) properties are reported for the binary n-hexane — water system. The
measurements have been carried out in the range of temperatures 372-620 K, densities
66-834 kg/m and at pressures up to 65 MPa for 7 values of composition: 0.166, 0.257,
0.347, 0.615, 0.827, 0.935, and 0.964 molar fraction (m©). H

The measurements encompass the area of thermodynamic parameters between
phase equilibrium liquid-liquid and liquid-vapor.

The studies of PVTx — properties were made on special apparatus, by the
piezometer constant volume method. . For each composition the measurements were

carried out along 7-9 isochores in a wide range of densities.

2. EXPERIMENTAL

The main part of the apparatus is a cylindrical vessel made of corrosion-proof
steel (12X18H10T) with internal diameter 8.721 mrhe temperature was regulated
automatically with the help of thermoregulator VRT-3 with an accura®y0df K.The
pressure was measured with a weighted-piston manometer of accuracy 0.05% with the

help of a membrane zero-sensbhe volume of the piezometer was determined on



water and is peer to 21.180025 cm®. The filling of the piezometer was executed
under vacuum. For the preparation of the mixtures deaerated and doubly distilled water
and n-hexane of 99.86 mol% purity were used. The weighting was performed on
weight balance machine WLR-200 with an uncertainty of not more4ittab mg. The
measuring error of densifymakes 0.12-0.15 %.

The detailed features of the apparatus are given in [6].

3. RESULTS AND DISCUSSION

The phase diagram (Fig.1 [7]) of the n-hexane- water system is of type Il [8],
which means that no critical liquid-gas states occur at concentrations between 0.257 and
0.882 m.f. of water. The low-pressure branch of the critical curve starts in the critical
point of pure n-hexane, CPH, and ends in an upper critical endpoint UCEP. The high-
pressure branch of the critical line begins in the critical point, CPW, of water, passes
through a minimum of temperature and goes towards high pressures [4]. The minimum
temperature for our data is 627.7 K, and the pressure is 30.9 MPa. This point is referred
to as a double critical point (DCP) and divides the critical line into two parts: the critical
line for liquid-gas and the critical line gas-gas [7].

Experimental research of PVT-properties permits us to determine quite precisely

the points on phase equilibrium curves of liquid-liquid and liquid-vapor. The typical

P(T) diagram for the system n-hexane — water Wil 0.964 m.f. of water along

different isochores is presented in Fig.2.
Experimental PVT data for all studied compositions and isochores are presented

in Table 1.



Connecting the points of the fractures on the dependeRﬁag) the curves of

the phase equilibrium liquid-liquid and liquid-vapor were defined.

In Fig.3 are shown the lines of the phase equilibrium liquid-vapor for the system

n-hexane — water with all values &

All lines of the phase equilibrium liquid-liquid have approximately the forms of

parabolas. Therefore we present only one representative curve of phase equilibrium

liquid-liquid with X = 0.257 m.f. of water (Fig.4.).

The values of critical parameteT%, P andPC of phase transitions liquid-
liquid and liquid-vapor for the binary n-hexane - water system with the different
compositionsX are given in Table 2.

For the approximation of the curves of the phase equilibrium liquid-vapor the

following expression was used [9,10]

pl_pg

P e+,

whereT = (T - -E;)/T , A andOq — are the density of the liquid and gaseous

phases, respectivelﬁ, A (A = 0.50 - fixed value [11]) anBo, Bl are the critical

indexes and amplitudes. The results of calculations are presented in Table 3 for three

compositions (for those, for which one there is the critical point liquid-vapor) of the



binary n-hexane — water mixture. As we can see only for one compo¥to0.257) it

is obtained the value (ﬁcorresponding to one for the Ising-like systhF( 0.325).

The curves of phase equilibrium liquid-liquid was described by the equation

[9,11]

p_pc:iBO‘T‘B iBl‘T‘B+A+B2‘T‘1_a +B.T, 2)
P,

where = 0.11 is the critical exponent that describes the divergence of the specific

heat at the critical poinBz, Bg are the critical amplitudes. Signs “+” and “-* are

connected with the right and left branch of the curve of the phase equilibrium liquid-

liquid, respectively. As demonstrate calculations, for all compositions, the obtained

values of,B correspond (within the calculating error) to values characteristic for the

Ising-like model.

For the description of thermal properties of the n-hexane — water binary system
near the critical points liquid-vapor we used the crossover equation of state proposed by
Jin et al. [12]. The equation of state incorporates the crossover from singular asymptotic
behaviour at the critical point to regular behaviour far away from the critical point and
is based on a crossover function introducing the six-term Landau expansion for the
Helmholtz free-energy density. Parameters characterising the individual properties of
the system were calculated on the basis of literature data [13,14] for pure n-hexane and

water and the appropriate PVTx experimental investigations. The dependencies of



critical parameters on concentration were approximated by polynomials and spline
finctions.

The experimental data on the pressure were compared with the calculated ones.
In the region where there is a breaking of the critical line (the curve 3 in the Fig.1) we

used critical parameters corresponding to the pseudocritical line for the pressure

calculation alX = 0.347, 0.615, and 0.827 m.f. of water.

The equation of state gives us the opportunity to describe the thermodynamic

properties (the error is about 3% for pressure description) of the n-hexane — water

mixture in the ranges of densities &.',O/,OC < 1.7 (at] = Ty) and temperatures

0.95< T/Te< 1.3 (a0 = 0.
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Table 1. Experimental PVTx properties of binary n-hexane — water system.

I,K P MPa|T,K P,MPa|T,K P,MPa|T,K P, MPa
X =0.166 p=3343kgm’ | p=2025kg/m’ |X=0.347

= 66.9 ke/m’ 471.75 277 |482.65  3.57 = 137.5 ke/m’
fﬁ?ﬂ.ﬂl 0.99 472,97 2.82 488.71 3.81 fﬁs“w 7 84
4722.45 1.02 476.30 293 464,21 4.14 466.44 2.02
435.76 1.20 488.45 3.41 502.35 4.62 468.49 797
447.65 1.37 496.73 3.68 518.55 5.36 474.67 3.20
460.15 162 49946 378 | 5090 0kem’ 48955  3.85
46925 185 | p=4012kg/m’ [492.85 493  [490.15 3.9

=1337kg/m’ | 45390 217 |49344 495 50735  5.00
ﬂlﬂ.Sl 1.31 458,32 2.30 499,65 5.27 £ =204.8 ]_(g{m3
44747 147 46295 253 | H3375kgm’ | 487.05 446
45257 164 | p=468.1kg/m’ 49035 506 |487.86  4.55
45977  1.83 44600 194 |491.92 5.8 |489.24 474
465.15 199 45025 2,00 |494.55 528 |49843 5.5
e I p=sMokgm’ | p=4050kem’ aan oo
11766 oao |42775 132 47875 403 : -
w260 |p=stigigm FE | SESHGE

37275 0.40 - . ' :
484.04 2*53 493.05 5.60 494,97 5.20
£ =200.6 kg/m- 497.81 649  |49747 539
45601 176  |X=0257 49821  6.65 |50895 639
458.04 183 | p=1350kgm’ [50936 800 |521.66  7.26
464.61 203 45505 2.13 [51046 830 52255 734
470.15 226  |466.57 272 (52068 939 =341.4 ke/m’
48268 267 147735 297 53305 1118 fggﬂ 4.83
W45 3044814 340 | pogasgign’ (49172 520
P=2675kgm’ 30957 44l luuc6s 205 149206 5.26
45890 197 (31014444 15035 920 50298 6.5
470.77 237 i;?ﬁf ;‘3521 47065  3.87 |513.51  7.89
483.59 285 - : _ 3152576 9.76
29532 339 [533.0s 536 (P=l2Skem Rt o
: : 437.15 1.8 AL 10.
500.45  3.63 555.00  6.22 ' ' 533.15  10.82
X 572.85 6.93 439,82 1.97 R
Pﬂﬁﬁ_kg@ 573.15 7.02 458.15 3.08 P: m
457.60  2.25 _ 3 47765 4.03
57503 712 | p=540.0 kg/m :

10039 236 [s1975 720  |aa29s 17 |47779 408




Table 1 (continued)

T,K P,MPa|T,K P,MPa|T,K P,MPa|T,K P,MPa
X =0.347 p=5462kg/m’ | p=3417kgm' | p=546.8 k4g{4r_r|;
—4007kgm® |52515 3811 54915 1268  |466.15 4.
f:gl?ﬁ 365 53566 4218  [550.65 13.08  [467.59  4.67
48897 533  |54649 4634 [578.10 1881  |46937 5.0
48952 541 |55690 50.13  |580.45 1946 |473.45 6.2
49177 sg» |57043 5562 [591.65 2350 |47628  6.89
502.84  7.70 49462 561 | 48292 ?E

503.13 789 | x=0615 501.80 639 |490.6> 1L
516.15 10.24 502.25 6.43 498.15 13.84
. . - . _ *
52675 1247 |P=2051kgm” |05 g4 |S50671 1665
537.12 1487 [43290 1T a9y q143 31445 1983
s4g.82  17.12 (43991 238 Hggpg9  qpse  [S23150 2329
' L |53848 873 | aTn 45 |S61.75 38386
P=ATIIkgM. 156229 1139 |o91'ss o266 | 98105  46.47
46295 298 156245 1140 |g00a]  osgp | 58295 4751
466.54  3.06 \ : : c0ron 5530
46899 450 |P=2134kg/m  |611.65 33.25 0725 3743
' ‘ 464.85  2.52 3 . '
469.45  4.62 — 4784 ky/
47895 693 |48225 3.6 536_63 teq | P=6151 ke’
48075 10.10 |30587 542 |,9399 597 (41702 120
509.60 1580 |32409 T4l 55949 gpp  [42055 189
s11.36 1589 33112 3'3“ 523.15 1287 43720 667
54397 2564 |54215 1049 oo (sag (43932 7.08
55515 2900 LIS 1182 gy ,5 gy 46124 1502
565.48 3193 37027 1451 6455 p643 51031 37.03
570.15 3321 |37479 1532 leaca 3067 | 53641 49.88
, 57515 1553 |00s 30e3 | 54515 5440
p=3462ke/m. 3 ' ' 548.65 5637
428.45 1.40 P=341.7kg/m" 586.35 34.20 . '
4033 180 49230 515  [s5988 3856 |>>37> 883
44315 689 |S11.23 684  |625.15 4775 | p=649.3 kg/m’
51242 6.88 _ 3 139555 0.88
464.64  15.20 = 546.8 kg/m
a0 2243|5265 838 |G EEEE |s61s 12
507.75 3160 [23435 1021 g6 39 39965 218
514.48 34.13 54490 1195 461.09 333 402.35 785

547.28 12.33




Table 1 (continued)

10

,K P, MPa|T,K P,MPa |T,K P,MPa T,K P, MPa
X =0.615 p=1589kgm’ | p=4766kgm’ |p=715.0kg/m’
_ 3 |47487 325  [51290 9.60 45690 31.60
ﬁﬁ% 48510 393  |523.00 1143 [472.04 4321
4865 1331 51014 571 |53215 1328  |47847  48.60
45075 2344 |53435 743 56045 2008 48620 5525
469.45 3289 |55407 920  |589.05 2937 49205 60.15
47865 3785 |56695 1041  |601.65 34.89
48020 3869 | p=2383kgm’ [60976 3789 |x-0035
481.80 3977 |47445 368 | 02105 ARI0 o olg 00
48225 4055 150236 578 | p=556l1kg/m’  |43375 139
496.75 49.88 525.30 7.87 462.65 3.43 443.87 1.75
508.00 5536 (543890  9.84 |464.61  3.62 | 46635 270
516.60 60.72  [571.65 13.07 47835 560 | 47080 285
52440 6534 58094 1489 (48866  7.95 |sps35 455
—7024kg/m’ | 59299 1770 |507.74 1286 214 62
@7.05 010 |603.85 1967 |522.15 16.68 §42,u§ 2.23
32909 075 | p=3178kg/m’ [3275 2233 56502 9.90
33055  1.84  |49341 524 |99825 2902 (58895  13.46
34099 896 |503.67 657 |°/%15 3404 1451355 1744
34235 967  [51347 737 232‘3; ggf’é 620.55  18.53
34745 1200 [53540  9.89 : : = 265.4 kg/m’
34845 1380 57702 1613 |61433 5420 A2 525'4 519
35275 1657 59526 2030 [62365 6023 LT g
36542  24.59 607.00 22.61 L =635.5 kg/m’ 473'2? 3'15
37025 27.60  |610.15 2322 (44727 263 |45714 367
o o |pzaorakgm’ |#235 0 ST8 40571 421
85.01 3735 Lot 46876 968 [s0007 538
38835 3977 |0cur  ege | 48240 1360 33334 761
393.07 42.88 52?.1 5 9'58 50035 21.70 553.57 9.71
40047 4733 4980 1337 32197 301 fs7587 128
40505 5043 | T 1oy (53485 3747|5015 1533
41208 5451 |gg335 5yp4 (35362 4636 160675  18.33
420.40 60.64 596.71 25.88 567.99 5335 610.25 19.04
61725 3171 98288 6028  |g425 2179
X =0.827 . |p=at6sKgm’ |P=1150 kg/m'  |629.15 22,94
p=1589kg/m”  |481.06 487 |39>6 032 | p=3539kg/m’
45440 220  |48247 S04 | 40680  6.83  |u6476 258
46274 261 |491.94 6.12 | 43046 1787 47240  3.19




Table 1 (continued)

TK P,MPa|T,K P,MPa|T,K P,MPa|T,K P,MPa
X =0.935 pP=5309kg/m’ | p=7078kg/m* | p=1854keg/m’
_3539kgm® |51758 807 53525 2025 44622  1.90
fgg_go 385 | 531.51 986 |552.64 2838 (45753  2.20
10300 500 |547.88 1272 |57135 3922  [469.93 259
s1401 674 |567.51 1657  |589.53 5136  [483.99  3.09
54550 o84 | 58559 2084  |608.48 6457 [49521 3.6l
' 1204 |604.67 26.80 — 706, s 50593 4.26
23?.%3 17.26 61498  30.71 fz—gLs_z?ﬁ 3 kl_;“s 53020  5.89
61735 2274 |p=6193kg/m’ |437.94 577 |38641 1176
631.65 2586 44351 195 |447.45 1053 |60231 14.08
- s 45320 258 |45946 1727 |607.25 1472
p=442.4kg/m 3
461.25 2.69 464.10 3.12 46795 2237 P=278.1kg/m
16312 o84 |470.85 355 47355 2615 45515 247
47445 362  |481.47 427 48235 3231 46601  2.89
18687 462 | 49037 518 |49535 4350 47597 332
494.00 518 502.93 6.80 504,80 52.01 488.35 3.89
40535 536 |516.65 916 [507.12 5307 [511.59 526
50835 648 |53586 1272 [518.45 6354 53647 7.6
519.15 757 |562.09 19.58 55539 9.15
542.85 1037 |°7856 2516 | x =0.964 570.16  10.93
562.85 13.15 |8447 2675 _ 3 59230 14.86
57435 1515 |003.93 3743 ﬂﬂ?’ 607.94 1632
sgage 1711 (61547 a4z RS D0 162065 1856
58530 1725 62627 50.68 - ~ 628.43  20.07
50007 2025 63542 5660 (44419 136 13455 2153
646.65 6355 |4935 174 _ 3
614.65 2538 |p=707.8kg/m* |49795 308 |45530 255
623.15 2782 (43315 143 |s51679 403 | 45625  2.60
630.65 29.61 43800 1.83 |sy030 480 | 466.85  3.18
p=5300kgm’ 44959 231 |sigas 633 |47846 389
454.19 2.40 461.51 3.01 564.94 7.97 503.09 5.35
466.70 3.10 475.26 4.14 575.65 9.12 527.16 7.08
47035 347 |48245 475 15055 977 |545.04  9.04
476.73 3.95 486.30 5.51 581 .45 9.83 565.78 11.46
: , 49169  6.59 - . |584.06 13.89
1500  son  |51005 1L0s |P=1SSdkem’ gho30 1570
52376 1574 |44Z215 180 161490 1958

500.95 6.21

11



Table 1 (continued)

T,K P,MPa|T,K P,MPa|T,K P, MPa T,K P, MPa
X =0.964 p=5562kg/m’ | p=6489kgm’ | p=834.3 kg/m’
—3703ke/m’  |47025 366 57921 2504  |42595 139
Pl 4ss36 476 |S9873 3508 42632 142
632.15 23.71 495.20 5.67 61330 43.71 427.30 1.50
51795 799 |628.15 57.80 |432.75  2.08
— 3
P=4635kg/m. 153000 937 |, g4 s 43646 3.15
45525  2.60 P=T141.6 kg/m”
554.15 1274 |%447es 534 | 44034 520
45625 270 157573 1684 |4upaz 230 44596  9.87
46631 3.18 159785 22290 |,cca9 o270 45521 17.16
477.09 404 161766 2897 |ae045 355 | 46862 2771
00.65 582 162425 3193 |4e030 age | 48020 37.30
525.00  7.89 : :
626.15 3270  |s00s0 710 | 49141 4670
567.50 13.07 L=648.9 kg/m” 507.47 1103 : :
58351 1568 | 45205 252 |517.20 1439
60207 1932 | 45459 264 [53593 24.72
618.40 2331 459.81 2.93 551.45 3528
621.37 24.14 471.53 3.69 564.60  46.20
62705 2583 |483.51 466 [57524 5522
50537 7.14  |58125  60.40
—_ 3
P=3362kg/m- 152949  10.83
455.15 258 154040 1415
459.70 292

12
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Table 2. The values of critical parameta_@ P andPC of phase transitions liquid-

liquid and liquid-vapor for the binary n-hexane - water system with the different

compositionsX.

Liquid-liquid Liquid-vapor

X Te, K | oo kgim? | PeMPa| T, K | o6, kgt | Pe, MPa

0.166 458.90 | 267.45 1.97 500.45 | 267.45 3.63

0.257 491.85| 269.98 4.93 494.55 | 337.05 5.28

0.347 494.55 273.10 5.28 - - -

0.615 494.62 | 410.10 5.61 - - -

0.827 494.76 | 397.20 5.72 - - -

0.935 464.76 | 353.90 2.58 631.65 | 353.90 25.86

0.964 455.30| 370.79 2.55 634.55 | 278.09 31.53
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Table 3. The calculated values of the critical expoﬁand critical amplitudeBo,

Bl for the coexistence curve liquid-vapor of the binary n-hexane — water system with

three compositions according equation (1).

X I¢; Bo B:
0.166 0.901+ 0.120 13.63+ 0.78 -
0.257 0.350+ 0.057 1.564+ 0.457 -0.908+ 0.457
0.935 0.553+ 0.082 4.514+ 1.229 5.643+ 2.444
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FIGURE CAPTIONS

Fig. 1. The phase diagram for the n-hexane - water system: UCEP, upper critical
endpoint; CPH, the critical point of pure n-hexane; CPW, the critical point of pure
water; DCP, the double critical point; 1, line of critical point liquid-gas; 2, line of

critical point liquid-liquid; 3- pseudocritical line.

Fig.2. The typicaP (T) diagram for the system n-hexane — water wWitkr 0.964 m.f.

of water with p(kg/me’) as follows: 1, 92.7; 2, 185.4; 3, 278.1; 4, 370.29; 5, 463.5; 6,

556.2; 7, 648.9; 8, 741.6; 9, 834.3.

Fig.3. The lines of the phase equilibrium liquid-vapor for the system n-hexane — water

with X (m.f. of water) as follows: 1, 0.166; 2, 0.257; 3, 0.347; 4, 0.615; 5, 0.827; 6,

0.935; 7, 0.964.

Fig.4. The line of the phase equilibrium liquid-liquid for the system n-hexane — water

with X = 0.257 m.f. of water.
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